ABSTRACT. Different treatment outcomes and prognoses in patients with breast cancer can be observed with similar clinical predictors; this is because the biology of breast cancer is complex and heterogenous, involving multiple unknown contributing factors. We looked for plasma human mammaglobin (hMAM) mRNA by RT-PCR in 82 Korean patients with breast cancer to determine if there is an association Plasma mammaglobin mRNA and prognostic factors between the presence of plasma hMAM mRNA in these patients and known prognostic factors. The prognostic usefulness of detection of plasma hMAM mRNA expression in these patients was also evaluated by determining overall survival and event-free survival. A significant difference was observed in the rate of positivity of plasma hMAM mRNA between the early stages of cancer (stages I-II, 23.4%) and advanced stages (stages III-IV, 82.9%). The expression rates of estrogen receptor, progesterone receptor, and HER-2/neu in the breast tissue of these patients, by immunohistochemistry, were 69.5, 75.6, and 20.7%, respectively. In the univariate analysis, plasma hMAM expression was significantly correlated with high histological and nuclear grades, nodal metastasis, and negative estrogen receptor and progesterone receptor status. Patients negative for plasma hMAM mRNA had significantly higher rates of event-free survival compared to the patients positive for plasma hMAM mRNA. However, no significant association with overall survival was observed for expression of plasma hMAM mRNA (P = 0.16). Qualitative detection of plasma hMAM mRNA appears to be associated with unfavorable prognostic factors and lower rates of event-free survival in patients with breast cancer.
INTRODUCTION
Breast cancer is the most common malignancy in women in developed countries. It has been the most common cancer among Korean women since 2002, and its incidence is rapidly increasing in Korea (Bae et al., 2002; Jung et al., 2011) . Currently available clinical predictors of breast cancer include the clinical stage of the disease, involvement of axillary lymph nodes (LNs), number of axillary LN metastases, histologic grade, nuclear grade, hormone receptor status, presence of lymphovascular emboli, and expression of HER-2/neu (cerbB2). However, different treatment outcomes and prognoses can be observed with similar clinical predictors, even in patients with the same stage of breast cancer, because the biology of breast cancer is complex and heterogeneous, with multiple unknown factors contributing to its carcinogenesis, relapse, progression, and metastasis (Keen and Davidson, 2003) . Thus, many diagnostic and prognostic biomarkers in breast cancer have been suggested to precisely determine the prognosis and treatment outcomes of these patients for the last two decades.
Human mammaglobin (hMAM) mRNA is considered to be a promising candidate for a sensitive molecular marker for breast cancer (Watson and Fleming, 1996) . hMAM is expressed mainly by breast epithelial cells, and this feature has been used to detect circulating breast cancer cells and occult metastases in sentinel axillary LNs of patients with the disease (Roncella et al., 2005) . However, the biological role of hMAM is not fully understood, and whether hMAM plays an important role as a biomarker in breast cancer regarding early detection, treatment outcomes, and prognosis is still under debate.
The aim of this study was to investigate the expression of hMAM mRNA in the plas-ma of patients with breast cancer according to clinical stage and to analyze the association between the presence of hMAM mRNA in the plasma of these patients and known prognostic factors such as histologic grade, nuclear grade, tumor size, stage, LN status, estrogen receptor (ER) and progesterone receptor (PR) status, and c-erbB2 expression. Overall survival (OS) and event-free survival (EFS) were also estimated to evaluate the prognostic usefulness of plasma hMAM expression in patients with breast cancer.
PATIENTS AND METHODS

Patients
Ninety-eight subjects admitted to the Cancer Center at Gyeongsang National University Hospital from October 2007 through December 2010 were included in this study. The patients' ages ranged from 26 to 82 years, with a median of 50 years. The diagnosis of breast cancer and clinical stages and pathological features of primary tumors were defined according to the criteria of the American Joint Commission on Cancer. Among these patients, 74 had tumors with invasive ductal carcinoma, 3 had invasive mucinous carcinoma, and 5 had other types, such as invasive lobular carcinoma or invasive medullary carcinoma. Sixteen patients with benign breast tumors and no previous history of neoplastic disease served as benign controls. The clinicopathologic characteristics of the patients with breast cancer are summarized in Table 1 . This study was conducted according to an institutional review board-approved protocol.
Total RNA extraction in the plasma and cDNA synthesis Peripheral blood (PB) samples (10 mL) were taken from the patients prior to surgery or treatments including best supportive care and from benign controls after informed consent and were placed in EDTA tubes. After centrifugation of the blood samples at 3500 rpm for 15 min at 4°C, the plasma was collected and kept at -80°C until RNA extraction. RNA was extracted from 5 mL plasma for hMAM analysis using a QIAamp Circulating Nucleic Acid kit (Qiagen GmbH, Hilden, Germany) according to manufacturer instructions. Ten microliters of RNA from the plasma was transcribed to cDNA by reverse transcriptase (RT) in a total 20-μL RT reaction solution containing 2 μL 10X RT buffer, 500 μM dNTP, 200 μM random hexamer primer, 10 U RNase inhibitor, and 10 U Sensiscript Reverse Transcriptase (Qiagen GmbH) at 37°C for 60 min.
RT-PCR for plasma hMAM mRNA and MCF-7 cell line
RT-PCR was carried out with 4 μL cDNA, specific sense and antisense primers, and master mix (Promega, Madison, WI, USA) in a total volume of 25 μL. The primers for hMAM (NM_002411) used were 5ꞌ-GCTGCCCCTTATTGGAGAAT-3ꞌ (sense) and 5ꞌ-TGGCATTTGTAGTGGCATTG-3ꞌ (antisense). The conditions of RT-PCR were as follows: denaturing at 95°C for 30 s, annealing at 60°C for 30 s, and elongation at 72°C for 30 s (40 cycles), and final cycle at 72°C for 5 min. After amplification, 10 µL of each product was run for 30 min at 100 V and detected by ethidium bromide staining on a 2.5% agarose gel. The bands were detected in an ultraviolet transilluminator and photographed with a Gel Doc XR (Bio-Rad, Segrate, Italy). In the preliminary study, PCR products were sequenced and confirmed using the BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems, Foster City, CA, USA) and the BLAST program (http://ncbi.nlm.nih.gov) provided by the National Center for Biotechnology Information (NCBI). As an internal control, the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene amplification was carried out for each cDNA sample under conditions identical to those for hMAM amplification. The primers for GAPDH were 5ꞌ-GAAGGTGAAGGTCGGAGTC-3ꞌ (sense) and 5ꞌ-GAAGATGG TGATGGGATTC-3ꞌ (antisense). The breast cancer cell line MCF-7 was obtained from the Korean Cell Line Bank (Seoul, Korea) and used as an hMAM mRNA-positive control.
To establish the limit of sensitivity tests of the RT-PCR assays, serial dilutions of cDNA of 10 5 cells of the breast cancer cell line MCF-7 were subjected to RT-PCR. The highest detection sensitivity observed was 10 MCF-7 cells in the RT-PCR.
Immunohistochemistry
Immunohistochemistry was used to measure the protein expression levels of ER, PR, and c-erbB2. The following panel of monoclonal antibodies was applied: anti-ER Mab (clone 1D5, dilution 1:20; Dako, Carpinteria, CA, USA), anti-PR Mab (clone 1A6, dilution 1:20; Dako), and anti-c-erbB2 Mab (clone CB11, dilution 1:20; Neomarkers, Fremont, CA, USA). ER and PR staining cells were considered to be positive only when distinct nuclear staining was identified and 25% of tumor cells showed positive staining. For c-erbB2 staining, only the membrane staining was considered positive, and the score for c-erbB2 staining was graded. A score of 0, 1+, and 2+ was considered to be negative, whereas 3+ was considered to be positive.
Statistical analysis
The Pearson two-sided χ 2 test and the Fisher exact test were used to assess the correlation between plasma hMAM mRNA and histological grade, nuclear grade, tumor size, stage, LN status, ER and PR status, and c-erbB2 expression. Survival probability analyses were performed using the Kaplan-Meier method. OS was calculated from the date that PB samples were taken for RT-PCR to the date of death or most recent follow-up. In this study, EFS was defined as the date that PB samples were taken for RT-PCR until disease progression or recurrence, or death of any cause. The significance between group differences was assessed by the log-rank test. Multivariate analyses were performed using Cox regression models for OS. Factors with P < 0.1 in univariate analyses were examined with multivariate regression models. A probability of <0.05 was considered to be statistically significant. All statistical analyses were performed using the Statistical Package for Social Sciences version 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Detection of plasma hMAM mRNA in patients with breast cancer
Plasma hMAM mRNA was detected in 40 of 82 (48.8%) patients with breast cancer (Figure 1) 
Plasma mammaglobin mRNA and prognostic factors
Clinicopathologic features of patients with breast cancer in association with plasma hMAM mRNA hMAM mRNA expression was significantly correlated (P < 0.001) with high histologic grade and nuclear grade, nodal metastasis, and higher stage. The expression rates of ER, PR, and c-erbB2 in breast tissue were 69.5, 75.6, and 20.7%, respectively, among the patients with breast cancer. Plasma hMAM mRNA was significantly correlated with negative ER (P = 0.030) and PR status (P = 0.040), but no significant association was observed between hMAM mRNA in plasma and c-erbB2 in breast cancer tissue (P = 0.788). Detection of plasma hMAM mRNA is associated with unfavorable prognostic factors for breast cancer, including negative ER and PR status, advanced stage, LN involvement, and high histologic and nuclear grade (Table 1) .
Survival and clinicopathologic features of patients with breast cancer
With a median follow-up of 20.9 months (range = 14.5-62.1 months), median OS was 48.1 months (range = 36.4-59.5 months) in this study. On univariate analysis, better OS was significantly associated with low histologic grade (grade 1 vs 2-3) (P = 0.022), low nuclear grade (grade 1 vs 2-3) (P = 0.030), negative-axillary lymph node involvement (P = 0.004), and low stage (stages I-II vs III-IV) (P < 0.001) ( Table 2 ). However, no significant difference in OS was observed according to the expression of hMAM mRNA (P = 0.160) (Figure 2A) . In EFS analysis, the patients with negative hMAM mRNA showed statistically better survival compared to the patients with positive hMAM mRNA (P = 0.012) ( Figure 2B ). Moreover, better EFS was observed in patients with low histologic grade (P = 0.006), low nuclear grade (P = 0.001), T1-2 stage (less than 5 cm) (P < 0.001), negative-axillary lymph node involvement (P < 0.001), and low stage (P < 0.001) ( Table 2 ). Multivariate analysis revealed that stage is a solely independent predictor of EFS (hazard ratio = 2.75; 95% confidence interval = 2.08-6.92; P = 0.012) as well as OS (hazard ratio = 3.13; 95% confidence interval = 2.26-5.01; P = 0.010).
DISCUSSION
Despite recent advances in the early diagnosis and treatment of breast cancer, metastatic disease occurs in approximately 50% of cases with apparently localized breast cancer at initial presentation; even 30% of patients with axillary LN-negative disease may develop distant metastases (Braun et al., 2001) . Many previous studies have attempted to search for novel and more reliable molecular biomarkers for early detection of occult metastases (Stacker et al., 2002; Tafreshi et al., 2011) ; however, traditional clinical and pathologic predictors based on the St. Gallen and similar international consensus recommendations are still used as determinants of treatment outcomes and prognosis in breast cancer. This study found that plasma hMAM mRNA expression was significantly associated with unfavorable prognostic factors for breast cancer, which parallels the St. Gallen high-risk categories, including negative ER and PR status, high histologic grade, high nuclear grade, advanced stage, and axillary LN involvement, providing evidence that molecular detection of hMAM mRNA may have clinical correlation and significance. However, overexpression of c-erbB2, which is currently accepted as one of the most important prognostic factors for breast cancer, was not correlated with hMAM. Italian investigators showed that poorer disease-free survival was found in patients with breast cancer who had been operated, with hMAM mRNA detected by nested RT-PCR in either bone marrow or PB, as compared to hMAM mRNA-negative patients, and only nodalpositive status was correlated with a positive hMAM mRNA on univariate analysis (Fortunato et al., 2009) . Another study revealed that hMAM gene expression on leukapheresis products showed a significant correlation with an increased risk of relapse in high-risk patients with breast cancer who received high-dose chemotherapy followed by peripheral blood progenitor cell rescue and that this can be used as an indicator of poor prognosis (Ferrucci et al., 2004) .
Similarly, an Austrian study reported that the incidence of detectable hMAM transcripts in PB of patients with breast cancer was correlated with the clinical stage of disease (28% in patients at diagnosis of breast cancer, 49% in patients with metastatic disease, and 6% in patients with no evidence of disease) and elevated plasma carcinoembryonic antigen levels (Zach et al., 1999) . The positive rates of hMAM mRNA were similar to those in our results. A significant difference in positive rates was observed between patients with early stage cancer (23.4%) and those with advanced stage cancer (82.9%). Positive rates of hMAM mRNA in PB from invasive breast cancer varied from 8 to 61% among previous studies (Grunewald et al., 2000; Zehentner et al., 2004; Benoy et al., 2006) . Our study also showed that hMAM mRNA was significantly associated with unfavorable prognostic factor and inferior EFS on univariate analysis. However, hMAM mRNA was not correlated with OS. Additionally, this investigation failed to demonstrate an important role of hMAM mRNA as the independent prognostic factor in patients with breast cancer on multivariate analysis.
The inconsistent outcomes between hMAM mRNA expression and important prognostic factors of breast cancer, compared to previous studies, could be explained by the differences in the number of patients studied, age, stage (early operable disease vs metastatic disease), performance status, applied evolving treatments, molecular characteristics, or other technical variables, including the amount of blood collected, storage, and RT-PCR method (primers, reagents, and PCR conditions). Additionally, no standardized method to detect circulating nucleic acid has been established. Quantitative real-time PCR may result in a more effective evaluation of the clinical significance of plasma mRNA in risk prediction and treatment monitoring; however, a real-time PCR instrument was not available at the time of our analyses. Constant volume and quality of RNA solutions prepared from 5 mL plasma using a QIAamp Circulating Nucleic Acid kit (Qiagen GmbH) were used in this study to overcome the RT-PCR problem.
Among the various factors associated with high-risk patients, the most important factor discriminating clinicopathologic profiles, treatment outcome, and prognosis is the hormone receptor status. ER-/PR-positive breast cancers are biologically quite different from ER-/PR-negative cancers across races (Gruvberger et al., 2001) .
Our results also demonstrated a significant association between plasma hMAM mRNA and ER-/PR-negative status, reflecting an aggressive phenotype. Some previous studies, however, reported a correlation between high levels of hMAM and a low-risk group that had positive expression of ER and PR using fresh-frozen breast cancer specimens by means of RT-PCR (Núñez-Villar et al., 2003; Span et al., 2004) . The discrepancy between previous studies and our results may be explained by differences in experimental specimens (plasma vs frozen breast cancer tissues), or ethnic differences [Caucasian vs Asian (Korean)] (Span et al., 2004; Gormally et al., 2007) .
In conclusion, plasma hMAM mRNA was associated with unfavorable prognostic factors and inferior EFS of breast cancer, although further studies are needed to evaluate the prognostic usefulness of hMAM expression itself in patients with breast cancer.
